Analysis on the Principles of Congestion Charging Policy and Study on the Decision-Making Model  by Liu, Yue-jun et al.
 Procedia Engineering  137 ( 2016 )  836 – 842 
1877-7058 © 2016 Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Peer-review under responsibility of the Department of Transportation Engineering, Beijing Institute of Technology
doi: 10.1016/j.proeng.2016.01.323 
ScienceDirect
Available online at www.sciencedirect.com
GITSS2015
Analysis on the Principles of Congestion Charging Policy and
Study on the Decision-Making Model
Yue-jun Liu*, Ming-Zheng Sun, Ling Zhou, Lu Lu
Beijing Transportation Research Center, Beijing 100073, China 
Abstract 
Transportation is an important safeguard for the running and development of a city. While, on the one hand, contribute to the soar
and scale expansion of urban economy, urban transportation dominated by small vehicles, on the other hand, triggered various 
urban problems with respect to congestion, energy consumption and environment protection. Although demand-driven 
transportation development strategy has proved to effectively relieve congestion problems in urban transportation for a certain
period of time, such strategy also led to an even swift inflation of traffic demand and thus it is not a thorough solution to the
problem of supply and demand imbalance in urban transportation. Therefore, policies concerning the management of the demand 
of urban transportation represented by congestion charging policy gradually enter into the sight of decision makers of urban 
transportation and become an effective measure for first-tier cities in China to relieve congestion and improve air quality. 
© 2016 The Authors. Published by Elsevier Ltd. 
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1. Effectiveness of transportation congestion charging  
Traffic congestion is a common problem worldwide existing in urban areas during the process of urbanization and 
motorization. It does not only create huge economic loss to the society, but also exert immediate influence upon the 
operational efficiency of urban transportation system, as well as intensify the deterioration of urban environment and 
hinder the sustainable development of cities. Traffic congestion seems to be a result of road accidents, emergencies, 
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drivers' fault operation or other direct reasons, including traffic surge during peak hours, insufficient traffic capacity 
of roads or crossroads, traffic bottleneck naturally formed by road cross-section or the disturbance between vehicles 
in the interweaving zone where ramps and side roads running into the main road [7]. Actually, the fundamental 
reason of congestion is the imbalance between supply and demand in urban transportation and in the structural 
disarray of different transportation methods due to imbalance in costs and benefits. 
For the majority of ordinary commodities, supply and demand balance may be achieved through price leverage. 
As a kind of service, transportation also follows the classic supply and demand theory [4]. However, for most cities 
at present, the pricing system of transportation mainly malfunctions, which means, the exertion of price leveraging 
ability always lead to a more worsened supply and demand contradiction and lower resource utilization efficiency. 
The research by Todd Litman from the Victoria Transport Policy Institute indicates that: There are as many as 20 
items which constitutes the overall cost of small cars, including: internal costs and external costs, and the costs paid 
by the users of small cars are only internal costs. Averagely, each $1 operational cost paid by a small car user creates 
$2.7 social costs. The costs paid by users are only approximately 1/3 of the social cost. 
A huge amount of external costs, such as congestion, security and pollution related costs are not directly paid by 
small car users but undertaken by the whole society. This mode distorts the rational allocation of social resource 
benefits and, to a large extent, further stimulates small car consumption and waste of resources. As a vital measure 
of demand management policy, congestion charging policy can effectively regulate the use cost for small cars, help 
governmental authorities to rectify such distortion in the mode of resource benefit allocation and thus establish a 
more efficient and fair transport system. 
2. Analysis on the economic attributes of traffic congestion charging 
Consider it from a perspective of economic attributes, congestion charging policy means to internalize the 
external costs due to road congestion through administrative measures and in the form of charging, thus to determine 
rational price of "transportation", a special kind of commodity, and thereby to rectify the uneconomic usage of the 
resources of the transportation system, adjust the space and time distribution of traffic volume, and make the whole 
system run more efficiently. 
2.1. Analysis of economic attributes of road system 
In accordance with public choice theory, road resources belong to a kind of congested public goods [3]. Any 
citizen may use it. But it is also a kind of competitive goods. When one person uses it, the space for others to use 
becomes smaller. Before reaching congestion status, the marginal cost of urban roads is basically zero (as shown in 
the following Figure 1). However, when the road capacity is reached, the marginal cost turns into positive number 
and become increasing rapidly, which means, newly entering vehicles are easily create traffic congestion to the 
whole system. 
Each traveler will make travelling decision on the basis of his/her own efficiency maximization, and such 
decisions will, to a certain extent, affect other travelers. When people travel with small cars, they may create road 
damage, discharge noxious gas, generate noises and vibration and make other travelers delay. In this context, the 
travelling of each traveler may lead to additional cost of other travelers. And in most of the traffic systems, travelers 
do not fully compensate others for external costs. 
Fig. 1. Relationship between marginal cost and traffic flow 
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2.2. Analysis on the marginal cost of traffic congestion  
The marginal cost of congestion charging may be explained by marginal charging theory [2]. And marginal social 
cost price may be explained by demand management chart. In the chart, the vertical axis is the travelling cost and 
the horizontal axle is the traffic flow. As the travelling cost falls, the travelling demand will increase, and vice versa.  
For a travelling individual, the total direct cost of travelling including such as travelling time, fuel oil 
consumption, parking fee and other fees. When the number of travelers driving into roads increases, the travelling 
cost will increase parallel to it since the travelling time has increased. Therefore, the average travelling cost of each 
individual traveler is still determined by the road traffic flow. The intersection of the demand curve and the average 
traveling cost curve is called non-charging equilibrium point.   
Assume that X  is the traffic flow of the road section,  (x)t  is the cost due to travelling time, then the total 
travelling cost of the traveler on this road section (x)T xt  , individual marginal cost (x)MPC = t , and system 
marginal cost (x) (x)MSC = t + xdt / dx .
Fig. 2. The influence of external costs upon demand and supply balance  
3. Dissection of the rail transit systems of metropolitan regions in world cities 
As a kind of typical public policy, other than decision-making system and methods, the factors affect the policy 
of traffic congestion charging can also be direct work environment, and even the society, economy, culture and law 
at a broader and general environment [8]. Since congestion charging can, besides that the income collected can be 
used to pay the bill for other additional public services, enhance road operation efficiency, benefit travelers who use 
public transportation and save time for travelers with higher time value, there will be a lot of supporters of this 
policy. However, since most of the travelers using small cars will be subject to the charge, the implementation of 
congestion charging will touch on various benefit groups, and undoubtedly, there may be certain degree of boycott. 
A study concerning the effects of congestion charging achieves a similar conclusion that: besides two types of 
travelers--public transportation users and high-income drivers, the travelling fees of other travelers will exceed the 
value of the time saved [1].
3.1. Analysis of relevant influence factors  
In terms of the transportation system itself, congestion charging may involve transport operation situation, 
capability of public transportation, public opinion, and the relationship between current transportation policies and 
so forth. More specifically, such influences can be categorized as the necessity of the policy, the feasibility of the 
policy, the rationality of the programme, and the risk point analysis. 
839 Yue-jun Liu et al. /  Procedia Engineering  137 ( 2016 )  836 – 842 
 Fig. 3. Influencing factors of traffic congestion charging policy 
x Necessity of policy 
It should rely on the urban comprehensive traffic hub, build a reasonable rail transit system and straighten out the 
relationships among various traffic means to make them serve their purposes. For example, the subway serves the 
areas with high-density and high-intensity travel in the city center; the suburban railway serves the suburban areas 
with a large scope and large transport volume; the seamless connection can be achieved via the comprehensive 
traffic hub. Take Beijing for instance, current transportation policies have already include staggered working hours, 
license plate number-based travelling restriction, regional travelling restriction, differentiated parking policies, and 
lottery for license plates for small passenger cars. All these policies just made citizens feel baffled. Since traffic 
congestion charging policy is a new thing, we should consider whether it is necessary to adopt it on the basis of 
current urban development and transportation operation. 
x Feasibility of policy 
The implementation of a new policy should consider policy feasibility, including whether there is any legal 
support; whether relevant technologies are mature; are there any organizations or institutes in direct charge of this; is 
current transportation system capable of bearing the impacts brought by such policy upon the transportation system. 
x Rationality of the programme 
The experience from international metropolises which adopt traffic congestion charging policy indicates that, the 
programme of the traffic congestion charging policy is extremely complex, including policy target, charging areas, 
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charging time, charging rate, objective crowds for charging and for exemption and etc. In order to ensure that the 
implementation of the programme will achieve its expected targets while not affect the travelling of the citizens, 
relevant big model transportation analysis and public opinion survey on a wide range are necessary. 
x Analysis of risk points  
A policy should be subject to comprehensive risk point analysis before it is adopted and implemented. The 
analysis may involve the affected crowds in the affected areas, including residents, benefit groups, party and 
governmental institutes, the capability of current public transportation system, commercial shock on the charging 
area and etc. Only by comprehensive analysis on potential risks and formulate corresponding policies can the policy 
prevent risks before they really occur. 
3.2. Policy implementation roadmap   
London congestion charging policy underwent three phases including demonstration, implementation and 
improvement, including demonstration of the necessity and feasibility of congestion charging, congestion charging 
programme, evaluation and monitoring of the implementation affect of the congestion charging policy and etc [6]. 
Successful implementation of congestion charging requires to comprehensively grasp the influencing factors, as well 
as  those key links, and coordinate each forces of different political ideas to march forward synchronously. Specific 
procedures are as shown in the following Figure. The red colored are key implementation links. 
Fig. 4. Implementation roadmap of traffic congestion charging policy 
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3.3. General procedures for the design and implementation of congestion charging policy   
x Overall plan of the policy  
From planning to the final implementation, congestion charging needs several steps. The design phase of the 
policy may be divided into the main steps as shown in the following Figure. There is no clear boundary between 
each step and the formulation phase of the policy does not only involve relevant research work but also public 
promotion and communication. 
x Main tasks for each step  
Feasibility study: feasibility and necessity of congestion charging policy, such as opportunities and barriers 
confronted if implement such policy, including legal regulations, preliminary programme and evaluation, 
consideration of current policies and etc. 
Functional design: determine policy targets, charging area, objective crowds for charging, charging time, 
charging rate and other details, and analyze influence of different programme upon transportation, environment, 
economy, society, and finally determine the optimum programme on the basis of multi-round optimization.  
Technical design: should be synchronized to functional design, coordinating with each other.  Technical design 
mainly determines the compliance of relevant technologies with the requirements of functional design. Mainly 
include system design of vehicle testing and recognition, functional design of background system, law enforcement 
system design, system integration, testing and personnel training; planning, designing and investment evaluation of 
the facilities and measures which support the implementation of the policy, financial analysis and time scheduling 
(design, plan and investment evaluation), operational costs and etc.   
Legal and organizational framework: study on the legal basis of congestion charging, clarify the legal framework 
for vehicle recognition, charging and illegal law enforcement, and define the whole organizational structure for 
charging and the responsibilities of each relevant institute. 
Fig. 5. Design procedures of congestion charging policy 
4. Conclusion 
This article adopts an economic perspective to analyze the principles of traffic congestion charging policy, 
studies the framework for decision-making model which affects the congestion charging policy, and proposes the 
design procedures for congestion charging policy. Main conclusions are as follows: 
x The implementation of traffic congestion charging policy can not only adjust the traffic volume of urban road 
network to a balanced distribution through economic measures and create higher operational efficiency of the 
transportation system, but also increase fiscal revenue and provide financial support for the sustainable 
development of the city. 
x Traffic congestion charging policy involves a wide range of affecting factors, therefore, the policy need powerful 
political decision-making system, and on the basis of which, to establish a whole set of decision-making model 
and to deploy wide public promotion and communication. 
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